Abstract. Carbonyl sulfide (COS) in air and dissolved in seawater was determined during a cruise in August 1999 in the Sargasso Sea in the northwest Atlantic Ocean. Dissolved concentrations at the sea surface displayed only a weak diel cycle with a mean of 8.6 + 2.8 pmol dm -3 owing to low abundance of photochemical precursors and high temperatures causing rapid hydrolysis. Depth profiles measured over the oceanic mixed layer revealed significant vertical gradients of COS concentration with higher values at the surface, suggesting that the rate of photochemical production at the surface exceeds the rate of vertical mixing. The mean atmospheric mixing ratio was 486 + 40 ppt, and calculated sea-air fluxes ranged from 0.03 to 0.8 g COS km -2 d -•. COS dark production, estimated from the predawn COS concentration at the surface and the hydrolysis constant, contributed significantly to the total amount of COS produced. A strong temperature dependence of the COS dark production rate q was found by comparing previously published values. The data further indicate an approximately first-order relationship between q and chromophoric dissolved organic matter (CDOM) absorbance at 350 nm, a3so, which is used as a proxy for the CDOM content of the water but is likely to covary with other parameters, such as biological activity, that could also affect COS dark production. Together with known functions for COS hydrolysis and solubility, the parameterization of dark production as a function of temperature and a35o allows for the prediction of COS concentrations and saturation ratios as a function of physical and optical seawater properties in the absence of photoproduction. This is used to estimate a lower limit of 0.056 Tg COS yr -• to the annual COS flux from the ocean to the atmosphere.
Introduction
Carbonyl sulfide (COS) is the most abundant reduced sulfur gas in the atmosphere. Its atmospheric burden is an estimated 5.2 Tg [Chin and Davis, 1995] , and its average global mixing ratio (•510 ppt) shows relatively little spatial and temporal variability [Bandy et al., 1992] . COS is chemically stable, and its atmospheric residence time is estimated to be •6 years [Ulshbfer and Andteac, 1998 ]. Therefore COS can be transported into the stratosphere, where it is photodissociated and oxidized to sulfur dioxide (SO2) and thus contributes to the stratospheric sulfate aerosol layer (also known as the Junge layer) in times of volcanic quiescence [Crutzen, 1976] . The importance of this layer for the Earth's climate by scattering incoming solar radiation [Turco et al., 1980] and for heterogeneous ozone chemistry [Solomon et al., 1993] has drawn much attention to the sources and sinks of COS. ], for example, with thiyl radicals formed in the dark by either electron transfer from thiolate anions to oxygen [Ohno, 1977] or metal catalyzed auto-oxidation [Leung and Hoffmann, 1988] . However, neither of these potential production mechanisms has been quantitatively evaluated in the open ocean.
This paper examines the dynamics of COS cycling in the Sargasso Sea during the summer when elevated temperatures and a long period of daylight in the shallow mixed layer provide a distinct contrast to underlying thermocline waters where the only inputs of COS should be mixing and dark production. Using the results from this campaign and previous studies reporting COS dark production, an attempt is made to parameterize the dark production rate in terms of easily measurable variables and to assess its significance on a local and global scale.
Experiment

Study Period and Area
Measurements were taken from August 7 to 16, 1999, on board the R/V Endeavor, keeping a drift station at approximately 31 øN, 63.5øW, which is just southeast of the Bermuda Atlantic Time Series Station (BATS) (Figure 1) . The ship followed a subsurface drogue to stay with the same water mass.
Seawater Characteristics and Meteorological Conditions
Seawater pH was determined spectrophotometrically according to a method by Clayton and Byrne [1993] . Seawater absorbance spectra were measured by N. Nelson from the Bermuda Biological Station for Research (St. George's, Bermuda). Other properties of the water mass, including conductivity-temperature-depth (CTD) profiles, and meteorological data were provided by the ship's systems and are summarized in Table 1 . All data are in good agreement with long-term climatological averages reported for the BATS region in August (Table 1) .
COS Determination
Atmospheric and dissolved COS concentrations were determined using an automated analytical system with cryogenic preconcentration, gas chromatographic separation, and flame photometric detection (cryotrap-GC/FPD). This system was originally designed by Ulsh6fer et al. [1995] min -1' 2.5 min at 120øC) and detected flame photometrically.
For the carrier gas, helium with <1 ppm total impurities and further cleaned in an activated charcoal/molecular sieve (5•) scrubber was used; no cartier gas blank was detected. Standards Table 2 ). The observed concentration gradients indicate that during most days, photoproduction is proceeding at a faster rate than downward mixing. This is not the case in the morning when the COS photoproduced during the previous day has been hydrolyzed or mixed and the concentration is nearly homogeneous (profile 4). Rapid breakdown of stratification was observed on August 9, 1999 (profiles 2 and 3) when wind speed was comparatively high ( Table 2) Depending on the amount of light available for photoproduction on each day, dark production makes up between 39 and 57% of the total amount of COS produced in the upper 5 m of the water column over the course of 1 day. Total production is assumed to be equivalent to the total amount of COS removed, calculated by integrating the rates of hydrolysis, sea-air gas exchange (see section 3.1), and downward mixing (approximated by eddy diffusion as described by Najjar e! al. [1995] ) over 1 day periods (only days with a complete COS time series are considered). Because the dark production rates are based on hydrolysis rates as described above and hydrolysis amounts to 90% or more of the total COS removal, the proportion of the total daily COS production that can be attributed to dark production according to the above calculation is largely independent of which hydrolysis formulation is used.
The strong contribution of dark to total COS production is probably related to the high seawater temperatures prevailing in the Sargasso Sea in summer and may be observed in other ocean areas with warm waters as well. It has been suggested that COS dark production varies with temperature by Ulsh6fer In Figure 4 , we show an Arrhenius dependence for reported values of the dark production rate (Table 3) 
with a correlation coefficient r 2 = 0.75 and a standard error of the estimate for q of 73%, where q is the dark production rate
(pmol m -3 s -•) and T is absolute temperature (K). If the three
values, which are significantly outside the 95% confidence interval and have an error >100% (the uncertainty in the dark production rate is higher than the rate itself) are removed from 
with a standard error of the estimate for q of 36%.
The equations suggest that COS dark production is first order with respect to a350, a proxy for the concentration of CDOM, with a rate constant depending on temperature in Arrhenius fashion. However, as DOM concentration and biological activity in seawater show some covariance, this dependence does not yield conclusive evidence for either of the two proposed mechanisms. Levitus [1982] , and climatological wind fields for u were obtained from COADS1 (see Table 1 
Global Implications of COS Dark Production
The spectral slope is an average value but should give a good approximation for most of the world ocean except for some coastal regions.
Plate 1 shows that even with no photochemical COS production, most tropical and subtropical ocean areas are predicted to be oversaturated with COS, with SRe*q of up to •8. Using the same 
